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1 . 0  SUMMARY 


A  series  of  spectral  measurements  were  carried  out  to  demonstrate  the 

feasibility  of  achieving  stimulated  emission  in  the  vacuum  ultraviolet 

(VUV)  using  molecular  xenon  gas  excited  with  a  relativistic  electron  beam. 

2 

The  E-beam  of  peak  current  density  1800  amps /cm  and  ~  20  nsec  duration 
with  an  average  electron  energy  of  1.  8  Mev  was  provided  by  the  Northrop 
Febetron  705.  Both  longitudinal  and  transverse  excitation  schemes  were 
used  with  gas  pressures  up  to  30  atm.  The  major  emphasis  was  placed  on 
spectral  measurements  since  line  narrowing  is  considered  the  most 
convincing  evidence  for  stimulated  emission. 

In  the  longitudinal  excitation  scheme,  the  10  cm  long  optical  cavity 
consisted  of  a  2  mil  thick  totally  reflective,  aluminum  coated  flat  mica 
mirror,  and  a  flat  output  mirror  consisting  of  an  a)  irr.inum  coated  MgF2 
substrate.  The  cavity  was  placed  inside  a  chamber  which  could  be  pressurized 
up  to  30  atm.  The  E-beam  entered  the  pressure  chamber  through  a  3  mil 
thick  titanium  foil  and  into  the  optical  cavity  through  the  mica  mirror. 

The  radiation  from  the  output  mirror  was  directed  through  an  evacuated 
chamber  to  a  SPEX  3/4  meter  spectrograph  (Model  17001  equipped  for  the 
VUV  region.  The  spectra  were  recorded  on  a  Kodak  101-01  special  UV  film 
and  analyzed  with  'he  help  of  a  Jarrell-Ash  densitometer. 

The  Xe2  emission  spectrum  with  the  E-beam  excitation  consisted  of  a 
broad  (~150A)  band  centered  around  1750A  at  1  atm.  As  the  pressure 
was  increased  the  spectrum  became  narrower.  At  20  atm,  using  a  1.  8  Mev 
beam,  the  spectrum  consisted  of  3  narrow  bands  each  about  10A  wide  with 
a  separation  of  8-10A  between  the  bands.  The  observed  spectral  line 
narrowing  could  indicate  gain  in  high  pressure  Xe  gas  under  E-beam 
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excitation.  However,  from  our  e  perimental  study  of  the  absorption  .,Z  the 
20  atm  Xe,  it  was  concluded  that  the  observed  line  narrowing  could  be 
attributed  to  absorption  by  the  Xe  gas  or  some  minut  impurities  {possibly 
Oo)  present  in  it. 

Measurements  with  a  Faraday  cup  indicated  that  the  E-beam  current  density 
decreased  rapidly  as  a  result  of  scattering  by  the  foil  and  its  support 
structure  as  well  as  by  the  high  pressure  gat>.  This  decrease  was  in  addition 
to  the  40%  obscuration  by  the  support  struciurc  Under  these  conditions, 
it  was  estimated  that  only  the  first  2  cm  of  the  medium  would  have  had 
sufficient  gain  for  lasing,  it  was  therefore  decided  to  abandon  the  longitudinal 
geometry  and  use  a  transverse  excitation  scheme.  With  this  modification,  the 
problem  of  using  a  tain  E-beam  transmitting  mirror  was  eliminated  so  that 
a  mechanically  more  stable  cavity  could  be  designed.  Also  it  was  possible 
to  move  the  citanium  foil  window  closer  to  the  Febetron  exit  foil  to  get  a 
higher  electron  density. 

The  8  cm  long  transverse  cavity  was  excited  by  the  E-beam,  introduced 
through  one  side  of  the  cavity,  providing  a  gain  length  of  nearly  2  cm.  No 
significant  line  narrowing  was  observed  using  this  geometry  either.  However, 
the  output  mirror  shattered  after  a  few  shots.  The  shattering  of  the  mirror 
was  attributed  to  damage  by  pressure  waves  following  the  Febetron  excitation. 
Our  analysis  shows  that  this  problem  may  be  overcome  by  properly  designing 
the  cavity  and  also  by  using  a  stronger  mirror  substrate  like  quartz. 

The  only  significant  result  from  both  the  longitudinal  and  transverse  cavity 
experiments  is  that  when  f-erh  xenon  was  used,  indication  of  preferential 
intensity  buildup  at  some  parts  of  the  spectrum  was  recognizable  over  a 


broad  continuum.  This  preferential  buildup  disappeared  when  one  of 
the  cavity  mirrors  was  taken  out.  The  conclusion  from  the  investigation 
using  the  Febetron  705  is  that  the  evidence  for  stimulated  emission  in 
molecular  xenon  gas  is  at  best  marginal.  This  is  possibly  due  to  the  small 
gain  length  available  with  a  Febetron  E-beam. 
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2.0  INTRODUCTION 


High  power/high  energy  lasers  with  high  overall  efficiency  are  of 
considerable  interest  for  various  applications.  In  this  respect,  a 
potentially  new  olass  of  lasers,  now  being  called  the  "molecular 
association"  lasers,  deserves  a  more  thorough  investigation. 

Since  these  molecules  have  a  repuleive  ground  state,  any  population 
of  the  stable  upper  state  leads  to  100%  inversion.  This  combined  with  their 
high  quantum  efficiency  indicates  the  possibility  of  achieving  a  very  high 
overall  laser  efficiency.  Furthermore,  radiation  from  these  molecules 
covers  the  spectral  region  from  the  near  infrared  all  the  way  to  the 
vacuum  ultraviolet,  suggesting  the  possibility  of  a  high  efficiency  laser 
at  short  wavelengths. 

For  this  purpose  the  noble  gas  molecules  are  especially  significant 
because  of  their  emission  in  the  vacuum  ultraviolet.  Basov  and  co¬ 
workers  in  Russia  have  reported  soectral  evidence  of  stimulated  emission 
in  molecular  xenon  liquid  with  an  indicated  conversion  efficiency  of  50%. 

We  have  undertaken  an  investigation  of  the  xenon  UV  laser  in  the  gas 
ohase  with  the  ultimate  goal  of  understanding  the  characteristics  of 
xenon  and  other  "molecular  association"  lasers.  The  accomplishments 
of  the  investigation  to  date  are  described  in  detail  in  the  following  sections. 
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3.  0  EXPERIMENTAL  ARRANGEMENTS 


The  experimental  arrangement,  to  obtain  evidence  of  stimulated 
emission  in  molecular  xenon  gas,  is  schematically  shown  in  Figure  1. 

It  consisted  of  an  optical  cavity  inside  a  high  pressure  gas  cell,  a  high 
energy  E-beam  for  excitation,  and  a  spectrograph  for  laser  diagnostics. 

The  high  pressure  (10-40  atm)  was  necessary  since  the  excited  states 
of  molecular  xenon  gas  are  formed  via  three  body  collisions.  The  E-beam 
excitation  was  the  most  convenient  method  to  pump  sufficient  energy  within 
the  lifetime  of  the  excited  molecular  states  and  have  sufficient  gain  to 
exhibit  stimulated  emission.  The  E-beam  was  supplied  by  a  commercial 
field  emission  device  (Field  Emission  Inc.  Model  705).  This  beam  had 
the  following  characteristics: 

Table  I.  Characteristics  of  Febetron  705 

Peak  Energy  2.  3  MeV 

Average  Energy  1.8  MeV 

Puisc'  CXiration  20  ns,  (FWHM) 

2 

Transmitted  Beam  Current  Density  1800  amp/cm  (peak  on  axis) 

Beam  Diameter  at  Window  -  1  cm  (FWHM) 

Focusing  Field  (over  cathode  region)  kG 

After  passing  through  the  anode  of  the  field  emission  E-gun,  the  beam  was 
transmitted  less  than  1  cm  in  air  to  the  window  of  the  40  atn  pressure  cell. 

The  optical  cavity  was  housed  within  the  pressure  cell  so  that  the  static 
pressure  on  both  sides  of  the  cavity  mirrors  could  be  the  same.  This  greatly 
reduced  the  mechanical  requirements  on  the  optical  components  and  their 
mounts.  The  details  of  the  cavity  design  and  construction  are  discussed  in 
Sections  4.1  and  5.1. 

The  laser  diagnostics  were  primarily  accomplished  by  spectral  measurements 
to  observe  spectral  line  narrowing.  The  electrical  noise  in  the  Febetron  room 


Figure  1.  Experimental  configuration. 
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was  too  severe  to  rely  on  electrical  measurements  like  pulse  narrowing 
to  give  a  conclusive  evidence  of  lasing.  On  *he  other  hand,  spectral 
measurements  are  independent  of  any  such  electrical  noise  and  could 
provide  straightforward,  convincing  evidence  of  stimulated  emission. 

The  spectral  measurements  were  carried  out  by  means  of  a  SPEX  3/4 
meter  vacuum  UV  spectrograph  Model  1700  provided  with  a  1200  lines/mm 
grating  blazed  at  1500A.  The  dispersion  of  the  spectrograph  near  1700A 
was  ~10A/mm  with  a  maximum  resolution  of  0. 1A.  The  spectrograph  was 
calibrated  with  the  Xe  atomic  resonance  line  at  1470A.  Radiation  from  the 
laser  cell  was  directed  through  an  evacuated  chamber  to  the  spectrograph 
and  was  recorded  on  Kodak  101-01  special  UV  film.  The  spectra  were 
analyzed  with  a  Jarrell-Ash  densitometer. 

The  internal  pressure  of  the  spectrograph  was  maintained  at  10  ^  torr  to 
minimize  absorption  by  residual  gas  in  the  optical  path.  In  most  ot  the 
experiments  sufficient  radiation  was  available  to  give  an  acceptable  optical 
density  in  one  shot  with  a  spectrograph  slit  width  of  250 fi  or  larger.  This 
limited  the  resolution  of  the  spectrometer  to  nearly  1A. 

A  cryopumping  system  was  employed  to  pressurize  the  cell.  The  desired 
".mount  of  gas  was  frozen  out  at  77°K  in  a  high  pressure  stainless  steel  bottle. 
When  warmed  to  room  temperature  the  pressure  increased  to  the  value 
determined  by  the  amount  of  gas  and  the  volume  of  the  bottle.  Attempts  were 

made  to  maintain  the  gas  purity  by  carefully  pumping  all  gas  containers  to 
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less  than  10  torr  and  by  using  metal  seals  wherever  possible. 

The  entire  experimental  setup  was  enclosed  in  an  x-ray  shielded  room 
for  protection  of  laboratory  personnel  from  hard  x-rays  produced  by  electrons 
scattered  from  metal  surfaces..  The  spectrograph  camera  had  to  be  shielded  by 
lead  blocks  to  eep  the  x-rays  from  fogging  the  film.  The  excitation  schemes 
and  the  results  are  discussed  in  the  following  sections. 


4.  0  LONGITUDINAL  EXCITATION 


Since  the  diameter  of  the  E-beam  from  the  Febetron  was  small  and  the  energy 

i 

of  the  beam  was  sufficiently  high  to  have  a  stopping  distance  of  -'-TO  cm  in  20 
atm  of  xenon,  a  longitudinal  excitation  scheme  was  first  chosen. 

4. 1  Cavity  Design  and  Construction.  The  laser  cell  is  shown  schematically 
in  Figure  2.  The  E-beam  entered  the  gas  cell  through  a  3  mil  thick  titanium 
foil  supported  by  a  foil  support  structure  with  an  obscuration  of  ~40%.  The 

I 

E-beam  was  admitted  into  the  optical  cavity  through  a  totally  reflective  mica 
mirror.  The  mica  mirror  was  made  by  stretching  a  2  mil  thick  mica  sheet 
over  a  stainless  steel  clamping  ring  and  then  coating  the  flat  substrate  with 
A1  with  a  protective  overcoat  of  MgF2.  The  output  mirror  was  obtained  using 
the  same  coating  on  a  4  mm  thick  MgF2  substrate.  The  radiation  from  the 

output  mirror  passed  through  another  MgF2  flat  which  isolated  the  high  pressure 

1 

of  the  cavity.  MgF2  flats  were  Used  for  transmission  optics  in  all  the 
experiments  since  it  is  resistant  to  solarization  and  radiation  damage. 

I  : 

For  fabrication  ci  the  laser  cell,  a  ,  construction  with 

commercially  available  stainless  steel  vacuum  hardware  was  used  to 

allow  quick  modification  of  the  cell.  A  photograph  of  the  components  of 

1 

the  pressure  cell  and  optical  cavity  is  shown  in  Figure  3  while  Figure  4. 
shows  the  assembled  cell  installed  on  the  E-gun.  The  entire  cell  could 
be  bolted  onto  the  Febetron  faceplate  to  provide  mechanical  rigidity  and  a 
low  inductance  current  return  for  the  E-beam,  current. 

Both  mirrors  were  coated  for  maximum  reflectance  estimated  from  trans¬ 
mission  measurements  to  be  90-97%  at  1750A.  The  magnesium  fluoride 
mirror  was  set  in  an  adjustable  mount  and  was  aligned  parallel  to  the  mica 
mirror  with  a  He-Ne  laser. 


8 


Figure  3.  Longitudinal  cavity  and  pressure  cell  (disassembled). 

(1)  Titanium  foil  and  support,  (2)  Mica  mirror,  (3) 
cavity,  (4)  Output  coupler  and  mount,  (5)  Pressure  cell 
(6)  Mounting  fixture. 
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4. 2  Laser  Diagnostics,  The  spectrum  of  the  UV  radiation  from  molecular 
xenon  (Xe^)  under  excitation  by  a  2.  3  MeV  E-beam  is  shown  in  Figure  5, 
as  a  function  of  pressure.  The  actual  spectrogram  is  shown  in  the  corner 
while  the  densitometer  traces  of  these  spectra  are  shown  with  the 
corresponding  pressure  labeling.  The  Hg  spectrum  is  shown  to  indicate 
the  wavelength  scale.  For  this  purpose,  the  spectrograph  was  first  dialed 
to  read  31 31 A  when  the  Hg  spectrum  was  taken.  The  position  of  the  3131 
doublet  then  coincided  with  the  center  of  the  film.  To  record  the  VUV 
spectrum  the  spectrograph  was  dialed  back  to  1750A  reading,  avoiding  any 
backlash.  With  this  method  the  position  of  the  31 31 A  line  in  the  Hg  spectrum 
corresponds  to  the  1750A  in  the  VUV  cpectrum. 

Clearly  the  spectrum  at  lower  pressure,  viz.  50  psi  ( ■ —  3.5)  atm)  consists 
of  a  broad  continuum  nearly  150A  wide  and  centered  around  1750A.  As  the 
pressure  is  increased,  the  continuum  narrows  down.  Finally  at  300  psi  the 
spectrum  consists  of  ~50A  wide  continuum  at  about  1820A.  The  peculiar 
feature  of  this  series  of  spectra  is  that  at  higher  pressures,  the  spectrum 
appears  to  be  narrower  due  to  the  absence  of  radiation  at  shortex-  wavelengths. 
Also  the  intensity  decreases  with  spectral  narrowing  instead  of  an  increase 
in  intensity  which  would  be  expected  in  case  of  genuine  line  narrowing  due  to 
stimulated  emission.  Thus  the  nature  of  the  spectrum  appears  to  indicate  some 
form  of  absorption.  This  indication  was  further  substantiated  when  the  same  gas 
was  run  next  day  in  the  laser  experiment.  The  spectra  are  shown  in  Figure  6. 

It  is  clear  that  even  at  the  same  pressure  as  before,  viz.  ,  300  psi,  the 
spectrum  shows  well  resolved  bands  at  about  1850A,  each  band  being  8-10A 
wide.  The  same  feature  is  exhibited  up  to  500  psi. 

The  nature  of  the  above  spectra  indicates  that  quite  possibly  the  outgassing 
of  the  pressure  vessel  was  introducing  some  trace  of  impurities.  Oxygen 
is  known  to  have  sharp  absorption  bands  in  this  spectral  region  where  the 
xenon  spectrum  showed  apparent  line  narrowing.  For  this  reason  the 


12 


the  absorption  spectrum  of  trace  amounts  off  oxygen  in  300  psi  off  argon 
was  studied  by  using  a  broad  band  costinsmn  from  a  Mgh  pressure  xenon 
discharge  lamp.  The  lamp  continuum  is  shown  in  the  spectrogram  7d 
(Figure  7).  Spectrograms  7a  and  7c  shox  the  continuum  through  0.1% 
in  300  psi  argon  clearly  exhibiting  the  Og  absorption  bands.  Spectrogram 
7b  was  taken  wife  a  somewhat  higher  0%  concentration.  Spectrogram  7e 
was  obtained  when  fee  lamp  continuum  was  passed  through  the  high  pressure 
xenon  gas  cell  with  fee  gas  feat  was  actually  used  for  laser  testing.  The 
similarity  off  this  spectrogram  with  7a,  7b  and  7c  points  to  a  tentative 
identification  of  the  imparity  as  Cb  which  is  responsible  for  fee  apparent 
line  narrowing  observed  in  the  xenon  laser  experiments. 

Only  fresh  Xe  gas  was  used  in  farther  experiments  because  of  the  problem 
described  above.  The  spectrum  of  fresh  Xe  at  20  atm  is  shown  in  Figure  8. 
Although  there  is  no  significant  line  narrowing,  the  interesting  point  to  note 
is  that  a  preferential  buildup  of  intensity  at  some  wavelengths  is  discernible 
over  a  broad  continuum.  This  may  be  an  indication  of  incipient  lasing. 

Note  that  the  continuum  shown  in  Figure  8  was  obtained  under  the  same 
experimental  conditions  as  Figure  5  except  for  the  use  of  fresh  gas. 

The  short  wavelength  absorption  makes  the  continua  in  Figure  5  to 
appear  centered  at  1820 A  instead  of  1750A  as  in  Figure  8. 

4.  3  E-Beam  Scattering.  An  estimate  of  the  small  signal  gain,  based  on 
the  analysis  presented  in  the  proposal  NLSD  72-4P  showed  that  stimulated 
emission  from  Xe^  should  be  observed  under  the  experimental  conditions 
described  above.  But  the  results  only  showed  at  best  a  marginal  indication  of 
lasing.  This  led  to  the  suspicion  that  perhaps  the  E-beam  current  density 
was  excessively  reduced  because  of  scattering  by  the  foil  and  its  support 
structure  as  well  as  by  the  high  pressure  gas.  To  get  some  measure  of  the 


Figure  7.  Spectra  and  selected  densitometer  traces  showing  tho  strong  oxygen  absorption  bands 
near  the  expected  xenon  molecular  continuum. 


* 

IS*’ 


Figure  8.  Spectra  of  uncontaxninated  xenon  at  300  psig. 

a.  This  is  the  first  shot  on  this  fill  gas,  b 
through  d  are  the  next  shots  in  sequence. 
(Note  that  the  continua  is  centered  at  175  0A 
compared  to  1850A  as  in  Figure  5. )  e.  shows 
mercury  calibration  spectra. 
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importance  of  scattering,  the  on  axis  electron  current  density  was 
measured  as  a  function  of  axial  distance.  A  Faraday  cup  with  a  1  mm^ 
entrance  hole  sampled  the  beam  current  within  a  test  cell  filled  with  argon. 

The  relative  locations  of  the  pressure  cell  foil  window,  mica  mirror,  and 
Febetron  foil  are  shown  at  the  bottom  of  Figure  9a.  It  can  be  seen  that  the 
addition  of  the  pressure  cell  window  (0.  003  inch  titanium)  causes  a  marked 
increase  in  the  slope  of  the  curve,  indicating  more  scattering.  The  foil 
support  is  60%  open,  this  is  in  agreement  with  the  transmission  coefficient 
inferred  from  Figure  9a.  For  these  data  (the  gas  pressure  is  1  atm)  the 
stopping  distance  is  about  10  meters,  therefore,  absorption  is  ruled  out  as 
a  cause  of  the  rapid  decrease  in  beam  current. 

Figure  9b  shows  the  effect  of  scattering  due  to  high  pressure  gas.  The 
slope  of  the  curves  increases  with  increasing  pressure.  Since  the  scatter¬ 
ing  depends  strongly  on  atomic  number,  one  would  expect  the  current  density 
to  decrease  even  faster  for  xenon.  (Argon  was  used  in  these  tests  for 
reason  of  economy. )  So  far  no  detailed  analysis  of  the  beam  transport  pro¬ 
blem  has  been  attempted  because  of  its  complexity. 

These  data  (Figure  9)  indicate  that  because  of  the  rapid  drop  in  beam  current 
density  only  about  the  first  2-3  cm  of  the  medium  should  have  enough  gain 
for  lasing.  Therefore,  it  was  decided  to  abandon  the  longitudinal  geometry  and 
use  a  transverse  cell.  With  this  change  the  problem  of  using  an  electron 
transmitting  mirror  was  eliminated  and  it  was  also  possible  to  move  the 
foil  pressure  window  even  closer  to  the  Febetron  foil. 
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TRANSVERSE  EXCITATION 


5. 1  Cavity  Design  and  Construction.  The  transverse  cavity  was  designed 

using  the  same  principles  as  the  longitudinal  one,  except  that  the  E-beam 

entered  the  cavity  transversely.  A  schematic  of  the  laser  cell  is  shown  in 

Figure  10.  As  before,  the  cavity  was  housed  inside  a  pressure  chamber. 

The  radiation  from  fee  output  window  was  directed  to  the  spectrograph  by 
o 

a  mirror  at  45  angle  to  fee  beam. 

The  assembled  laser  cell  is  shown  in  Figure  11a  and  the  entrance  window  is 
shown  in  Figure  lib.  The  E-beam  enters  fee  cavity  through  a  3  mil  thick 
titanium  foil  window.  The  foil  was  supported  by  a  perforated  plate  with  an 
approximate  obscuration  ratio  of — 40%.  The  cavity  was  formed  by  two 
aluminum  coated  MgF£  flats  placed  8  cm  apart.  Each  cavity  mirror  was 
adjustable  for  alignment  purposes  and  the  alignment  procedure  was  similar 
to  that  of  fee  longitudinal  cavity. 

5.2  Laser  Diagnostics.  The  spectrum  of  the  pure  Xe  gas  at  20  atm 
obtained  in  fee  transverse  excitation  scheme  by  a  2.  3  MeV  E-beam  is  shown  in 
Figure  12a.  This  spectrum  essentially  shows  the  same  features  observed  with 
the  longitudinal  excitation  scheme.  No  significant  line  narrowing  was  seen 
except  for  some  preferential  buildup  of  intensity  at  several  selective  wave¬ 
lengths.  Figure  12b  shows  the  Xe  spectrum  taken  under  exactly  the  same 
conditions  described  above  except  that  the  total  reflector  was  taken  out 

the  cavity.  Significantly,  the  preferential  buildup  of  intensity  is  absent  in  this 
spectrum.  By  comparing  the  spectra  in  Figure  12a  and  12b  it  may  be  inferred 
that  some  evidence  of  incipient  lasing  is  indicated  under  the  experimental 
conditions  employed  in  this  investigation. 

However,  the  possibility  of  a  part  played  by  some  kind  of  absorption  in 
producing  the  observed  structure  in  the  spectrum  of  Figure  12a  cannot  be 
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(a) 


with  both 
pair  r  or  s 


1750A 
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(c) 


1650A  1750A  1850A 


without  back  mirror 


1750A 


absorbtion  spectra 
0.1% 


Figure  12.  Densitometer  traces  of  xenon  continua. 

(a)  Both  mirrors  in  place;  arrows  indicate  intensity  peaks 

(b)  Output  coupler  in  place,  other  mirror  removed. 

,  (c)  Comparison  O2  absorbtion  spectrum. 
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entirely  ruled  out.  This  is  because,  even  in  the  absence  of  lasing,  the 
radiation  in  the  axial  direction  that  reaches  the  spectrograph  would  go 
back  and  forth  many  times  before  emerging  from  the  cavity  (with  both 
mirrors)  thereby  enhancing  the  effect  of  absorption.  However,  the  wave¬ 
length  interval  between  the  intensity  peaks  of  the  observed  spectrum 
(Figure  12a)  is  larger  than  that  of  the  oxygen  absorption  spectrum  (Figure  12c); 
this  seems  to  rule  out  absorption  due  to  O2  as  the  possible  cause  of  the 
intensity  variation  in  Figure  12a.  Further  experiments  are  necessary  to 
determine  if  the  structure  in  the  continuum  of  Figure  22a  could  be 
due  to  absorption. 

A  new  problem  was  encountered  in  the  transverse  excitation  scheme.  The 
MgF£  optics  shattered  after  a  few  shots.  This  was  probably  due  to  excessive 
overpressure  generated  following  the  excitation  pulse.  In  the  longitudinal 
cavity,  the  stretching  of  the  mica  mirror  might  have  reduced  the  over¬ 
pressure.  In  fact  when  a  10  mil  thick  quartz  mirror  was  used  to  replace  the 
mica  mirror,  it  shattered  in  the  first  shot  although  prior  testing  indicated 
that  the  quartz  substrate  was  not  damaged  by  the  E-beam.  An  analysis 
of  the  pressure  wave  responsible  for  these  damages  is  presented  in  the 
following  section. 

5.  3  Pressure  Wave  Analysis.  At  pressures  of  10  to  20  atm  of  xenon 
fill  gas,  the  stopping  power  becomes  large  enough  to  cause  an  appreciable 
amount  of  electron  beam  energy  to  be  absorbed  by  a  small  volume  of  gas. 

This  energy  ultimately  heats  the  gas  and  causes  an  increase  in  the  gas 
pressure  inside  the  optical  cavity.  The  pressure  wave,  which  travels 
no  more  than  a  few  times  the  speed  of  sound  is  slow  enough  that  the  pumping 
and  lasing  action  would  be  over  before  the  pressure  wave  reaches  the  optics. 
However,  this  pressure  front  may  damage  the  optics,  thereby  preventing 
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any  further  experimentation  until  repairs  are  made.  To  estimate  the 
magnitude  of  this  effect  let  us  assume  that  the  heating  occurs  adiabatically 
during  the  short  electron  beam  pulse  50  ns).  The  change  Ap  in  pressure 
of  a  perfect  monatomic  gas  is  given  by 

Ap  =  2/3  Au, 

where  Au  is  the  change  m  internal  energy  density  of  the  gas.  For  the 
configuration  used  we  estimate  an  energy  deposition  oir*  1  J/cm^.  The 
corresponding  pressure  increase  is  then  expected  to  be  about  6. 7  atm. 

Although  we  have  not  studied  this  phenomenon  in  detail,  its  effects  are 
evidenced  by  ruptured  foils  and  broken  optics.  In  the  longitudinal  con¬ 
figuration  the  mica  mirror  was  permanently  distorted  after  test  runs  at 
10-20  atm.  (Note  that  in  all  the  high  pressure  configurations  the  optical  cavity 
is  housed  in  a  pressure  cell  so  it  sees  no  static  pressure  load. )  With  an 
improved  foil  mount  the  beam  energy  input  was  sufficient  to  shear  the  steel  pins 
holding  the  output  mirror  cell  as  well  as  rupture  the  mica  mirror.  After 
breaking  several  magnesium  fluoride  mirrors  with  the  transverse  configura¬ 
tion,  it  was  decided  to  use  vacuum  ultraviolet  grade  quartz.  This  material 
withstands  the  overpressure  in  the  tests  made  to  date.  Experiments  are 
now  in  progress  using  the  quartz  mirror. 


